Most coastal cities use the ocean as a site of waste disposal where pollutant loading degrades the quality of coastal waters. Presently, the west coast of Mumbai receives partially treated effluent from wastewater treatment facilities through ocean outfalls and discharges into creeks as well as wastewater/sewage from various open drains and nallahs which affect the water quality of creek and coastal water. Therefore, the objective of this paper is to simulate and assess the hydrodynamic behaviour and water quality due to impact of sewage and wastewater discharges from the west coast of Mumbai. Hydrodynamics and water quality were simulated based on present conditions and validated by using measured tide, current data and observed DO, BOD and FC. Observed and simulated results indicated non compliance to standards in Malad, Mahim creeks and the impact zones of ocean outfalls. The developed model could be used for generating various conditions of hydrodynamics and water quality considering the improvement in wastewater collection systems, treatment levels and proper disposal for proper planning and management of creeks and coastal environment.
INTRODUCTION
Out of 25 mega cities (population exceeding 10 million) in the world, 17 are on the coast and accommodate 25% of the world's population. Most of these use the ocean for waste disposal because of its extensive assimilation capacity (Metcalf and Eddy 1991; Liu et al. 2007) . Pollutant loading degrades the quality of the coastal waters and is recognized as a major threat to the marine environment. National and international monitoring programs have been started to assess the impact of polluted discharges on ocean waters and to follow their development (Warwick 1993; JAMP 1998; Korger et al. 2002; Lam & Gray 2003) .
Globally, sewage remains the largest source of ocean contamination by volume (GESAMP 2001) and discharges into coastal waters have increased dramatically in the past three decades (Islam & Tanaka 2004) . Wastewater collection in most Indian urban centres with sewerage system consists of less than 66% of the total wastewater generation (National Institute Urban Affairs 2005) . An important impact to be considered while discharging organic waste into the sea is the eutrophication of the coastal waters as the sewage contains high levels of nutrients (Babu et al. 2006 ). This effect can be reduced by the combination of the sewage treatment and discharge through outfalls that are well designed and properly located to achieve high rates of dilution (Parnell 2003) . Sewage is primarily organic in nature and therefore subject to bacterial decay. As a result of this bacterial decomposition, the dissolved oxygen (DO) concentration in water is reduced, thus sewage is said to have a high biochemical oxygen demand (BOD) (Islam & Tanaka 2004) . Coastal water is susceptible to contamination by various types of microbial pathogens such as viruses, bacteria, and parasites (Dutka et al. 1974; Dufour 1977) , and thus serves as a vehicle for transmitting disease through contact and ingestion of contaminated water doi: 10.2166 /wst.2010 .237 (Toranzon & McFeters 1997 . Various models and simulations have been used to identity the impact of sewage and wastewater on the quality of coastal, creek, river and lake waters (Gupta et al. 2004; Vijay et al. 2009 ). Potential future conditions were also simulated by employing alternate engineering technological options to assess their impact on water quality and pollution reduction.
Presently, the west coast of India, particularly around Mumbai receives partially treated sewage from wastewater treatment facilities (WWTFs) through ocean outfalls, discharges into creeks and from various open drains and nallahs. These ultimately degrade the quality of creek and coastal waters. According to Sahu et al. (2009) , Mumbai is a heavily polluted industrial island city on the west coast of India. A numerical model is often used to assess and investigate coastal water quality and to assess the environmental impact of marine outfalls. Therefore, the objective of this paper is to simulate and assess the with population of 11.9 million as per 2001 census records.
The sewerage system in Mumbai is divided into seven service zones. Presently, west coast receives wastewater from Lovegrove, Bandra, Versova and Malad service zones and remaining discharge wastewater into Thane creek (Mukherji 2002; Samant 2002) . Study area for the present simulation lies between latitudes 18855 0 to 19820 0 N and longitudes 72845 0 to 73800 0 E as shown in Figure 1 including west coast, drains/nallhas and creeks Malad and Mahim. 
METHODOLOGY

Data collection and analysis
Samples were collected from coastal areas, creeks, effluent from WWTFs, ocean outfalls and drains/nallahs as presented in Figure 1 . Water quality was monitored in west coast along north-south and east-west directions at distances of 1, 3, 5 and 7 km (A, B, C and D respectively) from the coast at six sections and marine outfalls at Worli 1995) . Salinity was also observed for coastal water as an essential model parameter. Tide elevations were measured for 15 days at three locations (T1, T2 and T3 in Figure 1) using tide pole and subsequently transferred to mean sea level. Similarly time series of current data were also measured using 2D-ACM current meter for velocity and direction at three locations (C1, C2, and C3 in Figure 1 ).
Model description
Hydrodynamics and water quality of coastal and creek waters were simulated using MIKE 21 two-dimensional mathematical model (DHI 2004a,b) . Hydrodynamic module was used to simulate tides and currents and zero flux. To start the model, initial water depth in each grid cell was assigned based on interpolation of initial tide elevations. The dispersion coefficient was specified to be proportional to the current. Various physical constants, coefficients and rates etc. were defined as input parameters.
Rate and characteristics of discharges from WWTFs, ocean outfalls and drains/nallahs were assigned as input sources in the model (Table 1 ).
RESULTS AND DISCUSSION
The observed water quality in terms of DO, BOD and FC was poor during low tide not complying with SW II Standards in Mahim and Malad creeks and in impact zones of outfalls in the west coast. SW II standards describe the limits of DO, BOD and FC as 4.0 mg/L, 3.0 mg/L and 100 CFU/100 ml respectively. Water quality in the west coast was mostly compliant with given standards except for FC during low and high tides (Figures 2 -4) . DO was found to be more than 4 mg/L and is generally lesser during low tide compared to high tide. Sections 1 to 4 showed comparatively low DO levels during low tide due to their proximity to outfall impact zones and sewage discharge from Malad and Mahim creeks as compared to section 5 and 6. The trend was reversed during high tide where tidal flow increased DO in sections 1 to 4 in contrast to low DO in sections 5 and 6 due to incoming discharges from Malad creek (Figure 2) . Similarly BOD satisfied the standards in most of the sampling locations except at 1 and 3 km from the coast at sections 2 and 3 due to impact of outfalls discharges (Figure 3) . FC in the west coast during low and high tides exceeded SW II standards and were found to be in the range of 10 3 to 10 5 CFU/100 ml at 1 and 3 km. Similarly, coefficients for current velocity and direction at specified locations were found in the range of 0.6-0.7 and 0.7-0.95 respectively. Model was also validated for water quality parameters. Correlation coefficients for water quality parameters were found in the range of 0.6 -0.83 and relationship was found to be strong for DO and FC and acceptable for BOD (Figures 8 -10 ).
Water quality analysis and modeling results suggest that DO, BOD and FC are critical parameters and thus require effective monitoring programme to be established at specific locations in the defined domain. As in the case of creeks, all of them have to be regularly monitored at different stretches (lower, middle and upper) to assess pollution level and impact of sewage and wastewater discharges. Where as monitoring of BOD and FC is required regularly at outfalls within a 1.5 km radius to assess the impact of effluent discharge and dispersion of pollutants as well as compliance level of SW-II standards. 
CONCLUSIONS
